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© A digitally manipulate tool for creating video 
images of the inside of a patient's mouth is dis- 
closed. The tool comprises a small video head (14) 
carried on the distal end of a lightweight, digitaliy 
manipulate support structure (10). In addition to 
enabling the nonrelative, intraoral positioning of the 
head, the support structure also provides a conduit 
(18) for carrying electrical and optical signals to and 
from the. head. The tool may be used with conven- 
tional endoscopic processing and monitoring equip- 
rjment for visual display and recording. In a modifica- 
tion, a cover (27) for the head is semi-reflective to 
W permit simultaneous imaging and viewing by the 
2 user, in another modification, a protective sheath 
covers (28) the distal end of the tool to prevent 

N contamination of the head. 
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DENTAL DEVICE FOR INTRAORAL VIDEO IMAGING 



BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates generally to dental ap- 
paratus, and more particularly to a hand-held, easi- 
ly manipulated tool with a signal-producing imaging 
head on one end and a cord on the other. While, 
as will be expressed somewhat more fully below, 
we recognize that various spectrum imaging de- 
vices, such as those involving the radio spectrum, 
the infrared spectrum, the area of fluorescence, 
and the area of sound, may be used, a preferred 
embodiment of the invention herein is described in 
conjunction with a video imaging device which has 
been found to offer particularly broad utility in the 
field of dentistry. 



Description of the Prior Art 

Endoscopy is a well known technique for view- 
ing internal body organs that are not otherwise 
viewable. Such viewing is accomplished by in- 
troducing into a body cavity a flexible fiberscope 
capable of optically communicating picture element 
(pixel) information to external video imaging equip- 
ment. The video imaging equipment typically in- 
cludes a lens and a camera, and is connected to a 
video processing system having recording and 
monitoring capabilities. Thus, a video image of a 
relatively inaccessible region of the body can be 
viewed live or from a taped record. Video image 
resolution and the endoscopy apparatus of the pri- 
or art is limited by the number of fiber optic ele- 
ments that can be bundled into a flexible fiber- 
scope. 

Advances in the microminiaturization of charge 
coupled devices (CCDs) have made possible the 
replacement of the fiberscope, and external lens 
and camera with a video imaging circuit device at 
the tip end of a smaller and more flexible electro- 
optical handpiece. This endoscopic probe has en- 
abled deeper penetration and viewing of internal 
regions of the body previously unexplored. The 
advent of monolithic CCD arrays has also improved 
the image resolution attainable by endoscopic im- 
aging techniques. 

Endoscopic techniques are traditionally em- 
ployed in medical practice. Some of the difficulties 
encountered in using endoscopic equipment in- 
clude: inadequate maneuverability of the operative, 
distal end of a flexible probe from its relatively 
controllable proximal end; inadequate positionability 



of an imaging field that is not directly viewable by 
the user; and inadequate illumination of the video 
imaging target area. Despite these drawbacks, en- 
doscopy has extended visual access to the inner 

s reaches of the body, and is widely used in medical 
research and practice. 

In the practice of dentistry, the X-ray machine 
has been the predominant imaging tool used to 
record and view dental and periodontal structure. 

70 Hand-held tools having mirrored surfaces provide 
visual access by the dentist to many, but not all 
areas of the mouth not directly viewable. Such 
tools, of course, have the further limitation that they 
provide only a small image, and, were such de- 

T5 sired, they offer no capability to provide a perma- 
nent record of what the dentist sees. Video imaging 
and monitoring of these regions of the mouth nei- 
ther directly viewable, nor indirectly viewable by 
use of mirrored tools, would greatly expand the 

20 dentist's visual field. The ability to monitor what the 
dentist sees and does while working on a person's 
teeth would also provide unprecedented educa- 
tional and training opportunities to students of den- 
tistry and others, e.g., dental hygienists and pa- 

25 tients. Soft tissues or surface features that are 
imageable would be recordable as well, thus aug- 
menting the patient's dental history and assisting in 
dental diagnosis and treatment. 

30 

SUMMARY OF THE INVENTION 

The present invention discloses a hand-held 
tool that enables the dentist to produce a video 

35 image of the desired region of a patient's mouth. 
When used in conjunction with the video process- 
ing equipment mentioned above, the video image 
produced by this dental tool may be large-scale 
monitored and/or recorded. 

40 A principal object of the invention is to provide 
a dental tool that may easily be manipulated by a 
dentist to produce a video image of a desired 
region of a patient's mouth. 

Another important object of the invention is to 

45 provide such a tool in a form that is comfortable 
and familiar to the dentist. 

A further object is to provide such a tool that 
allows concurrent viewing and video imaging. 
Still another object of the invention is to pro- 

50 vide a tool of the type outlined that is compatible 
with conventional endoscopic processing equip- 
ment. 

According to a preferred embodiment of the 
invention, a video head containing illuminating and 
imaging means is carried at the distal end of a 
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hollow, rigid, cylindrical handle. Opto-electronic wir- 
ing is sealingly enclosed in the hollow of the han- 
dle, and provides power to the video head circuitry, 
illumination of the subject region, and transmission 
of the video signal from the head to external en- 
doscopic processing equipment. The gripping sur- 
face of the handle is textured to facilitate manipula- 
tion of the tool. An obtuse angle formed by the 
video head and the handle is within the range of 
angles provided by a variety of conventional, mir- 
rored dental tools. The video head takes the form 
of a conventional CCD imaging device and a con- 
ventional illumination source, e.g., fiber optic bun- 
dles transmitting light sourced by the endoscopic 
processing equipment. The imaging and illuminat- 
ing circuitry is sealingly overlaid by a polished, 
transparent, planar cover of e.g., optical-quality 
glass or plastic. 

In a modification to the preferred embodiment 
of the invention, the cover of the video head is 
treated in such a manner that it exhibits semi- 
reflective mirror characteristics. By this modifica- 
tion, while operable for imaging, the tool may also 
be used by the dentist as a mirror. 

In another modification to the preferred em- 
bodiment of the invention, a protective, optical- 
quality sheath is provided for the distal end of the 
tool to protect the head from cross-patient contami- 
nation. The sheath, which may be made of trans- 
parent, conformable material such as polyethylene, 
may be strain-relieved as necessary to secure it to 
the tool's handle and to conform it to the tool's 
contour. 

In a further modification to the preferred em- 
bodiment of the invention, a malleable or defor- 
mable member connects the tool's rigid handle and 
video head to allow variation of the position of the 
video head relative to the handle. Alternatively, 
pivots or positionable joints may be provided be- 
tween the tool's rigid handle and video head to 
achieve a similar result. 

By the unique structure of the dental tool dis- 
closed herein, visual access to the inside of a 
person's mouth is greatly enhanced by the fact, 
inter alia, that a dentist can gain a large-scale view 
on a video screen. The dentist is also given the 
opportunity to record what is seen. By the first 
proposed modification to the preferred embodiment 
of this invention, a targeted region of the mouth 
may both be imaged on a screen, and viewed 
directly (by mirror reflection) by the dentist. 

These and other advantages and features of 
the invention will become more fully apparent when 
the detailed description below is read with refer- 
ence to the accompanying drawings. 



DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side elevation of a preferred 
embodiment of the dental tool disclosed herein. 
5 Fig. 2 is a top view of the tool. 

Fig. 3 is an end view in the plane of the 
video head of the tool. 

Fig. 4 is a front elevation of the video head 
corresponding to Fig. 3. 
w Fig. 5 is similar to Fig. 3, except that it 

shows a modification to the preferred embodiment 
of the invention, wherein the video head's cover is 
specially treated. 

Fig. 6 is similar to Fig. 1, except that it 
75 shows a further modification of the invention, 
wherein a protective sheath covers the distal end of 
the tool. 



20 DETAILED DESCRIPTION OF THE INVENTION 

Referring first to Ftg. 1, a video imaging tool 
constructed in accordance with the present inven- 
tion is indicated at 10. It includes a handle, or 

25 support structure, 12 and a video head 14. Head 
14, whose structure will be elaborated below, in- 
cludes a microelectronics-based video imaging de- 
vice, and a fiber-optics-based source of illumina- 
tion. Handle 12 has a cross-hatch textured section 

30 12a, a smooth section 12b, and a neck 12c. Head 
14 is carried by neck 12c at an angle o to the long 
axis 15 of handle 12. Angle a herein is about 45°. 
which typifies the corresponding angle found in 
conventional dental mirrors. 

35 A cord 16 carries opto-electrical wiring to and 
from conventional endoscopic processing equip- 
ment (not shown). A strain relief 16a is provided to 
facilitate manipulation of the tool while relieving 
strain on the wiring. 

40 An important feature of the invention is that 
handle 12 is firmly joined to head 14 so that 
manipulation of the handle end of the tool results in 
one-to-one, nonrelative movement of the video 
head as a unit with the handle. Tool 10 is light in 

45 weight so that a dentist may maneuver it as easily 
as if it were a mirror or any other familiar, intraoral 
dental tool. 

Referring next to Fig. 2, shown at 18 in cuta- 
ways from handle 12 is the "wiring* 1 necessary to 

so allow the video head to communicate, electrically 
and optically, with the endoscopic processing 
equipment through cable 16. This "wiring" includes 
electrical conductors and fiber optic bundles, and 
provides thereby (1) Illumination of the target by 

55 ends of the fiber optic bundles on the video head, 
(2) power to operate the imaging device's 
microelectronics and (3) an opto-electrical signal 
conductor for transmitting video imaging Informa- 
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tion to the endoscopic processing equipment. It will 
be appreciated that a greater or lesser number of 
"wires" may be used to perform the necessary 
functions within the scope of the invention. For 
example, if the video head were equipped with an 
integral, self-contained light source (e.g., bulb), the 
fiber optic bundles would not be needed. Addition- 
ally the need for cable 16 would be obviated where 
wireless remote transmission of video signals (i.e., 
infra-red remote) is used. 

Turning next to Fig. 3, which should be viewed 
now along with Fig. 2, head 14, generally speaking, 
includes a mounting substrate 20, the distal end 22 
of two fiber optic bundles, which are the bundles 
mentioned just above, a commercially available, 
miniature, microelectronics-based charge-coupled 
video imaging device 24, an objective lens, 25, of 
one or more elements and a cover 26. As can be 
seen particularly in Figs. 2 and 4, the ends of 
bundles 22 are spaced substantially symmetrically 
on opposite sides of device 24. These bundles, 
which extend as has been mentioned previously 
through handle 12 and cable 16, are furnished 
conventionally with light from a remote light source 
(not shown). Power for device 24 is supplied re- 
motely, and the video signal produced by the de- 
vice is transmitted remotely, as mentioned earlier, 
through handle 12 and cable 16. 

Imaging device 24, which actually takes the 
form of a hybridized high-resolution, monolithic ar- 
ray of light-sensitive CCDs is available, for exam- 
ple, from Promex, Inc., of Mountain View, Califor- 
nia. Cover 26, in the embodiment presently being 
described, takes the form of a bidirectionaliy trans- 
missive, optical quality plastic which both protects 
device 24 and the ends of bundles 26, while at the 
same time allowing these structures to commu- 
nicate optically with the field of view of the head. 

Thus, a novel dental tool is described by which 
intraoral video imaging may be accomplished. The 
handle and video head arrangement provide an 
easily manipulate dental tool that extends and 
greatly expands visual access to the mouth. The 
tool Is lightweight, and is easily positioned for den- 
tal and periodontal inspection by the dentist or oral 
hygienist who is familiar with the use of similarly 
shaped and sized tools. Significantly, the invention 
enables large-screen monitoring of that which was 
heretofore, if viewable at all, then viewable only in 
the face of a very small mirror. The tool thus 
greatly enhances a user's opportunity to view in 
detail a small work region within a patient's mouth. 
Further, it readily enables other parties, for exam- 
ple, students in a teaching situation, simultaneously 
to view a given procedure. 

Certainly, an important additional advantage of- 
fered by the tool described herein is that it pro- 
duces an easily recorded signal so that any feature 



or procedure which a user may wish to capture for 
later review or for some other use can be recorded 
conveniently on video tape, for example. 

With the video head described herein firmly 

5 anchored to the handle which is the structure per 
se manipulated directly by a user's hand, the one- 
to-one, move-as-a-unit relationship between these 
components facilitates maneuvering and placement 
of the video heads so that a user can repeatedly 

io and reliably and with little effort "home in" on the 
particular area which he or she wishes to view. It 
should be apparent, however, that a deformable 
member may be utilized at 12b of Fig. 1 to en- 
hance the versatility of the tool without jeopardizing 

75 the manipulability of the head and handle. Alter- 
natively, neck 12c may be of such pivotable or 
positionable consTruction to allow positioning of 
head 14 relative to handle 12 while maintaining 
their move-as-a-unit relationship. 

20 As was mentioned earlier herein, other kinds of 
signal-producing spectrum imaging devices, that is 
devices other than a video device, may be incor- 
porated in the same kind of structure which we 
have just above described. Such other kinds of 

25 devices, which are useful in specific applications 
and procedures, when incorporated in the device of 
the invention, offer the same generic types of ad- 
vantages which the device just described above 
offers. As an illustration, if a fluoroscopic procedure 

30 is involved, a dental tool of the type set forth above 
would include in its head, a suitable sensor which 
is sensitive to the selected fluoroscopic wave 
length, along with an appropriate source of illu- 
mination, which could well be fiber optic bundles, 

35 coupled to an appropriate external source. An in- 
frared imaging device would be similarly construct- 
ed with suitable illumination and reception devices 
in a tool head. 

Turning now to Fig. 5, a modification to the 

40 preferred embodiment of the invention is illustrated. 
Fig. 5 is identical to Fig. 3, except that here there 
is a cover 27 which is specially treated, as by 
coating, to function as a partially reflective mirror, 
except over the zones directly faced by the distal 

45 ends of bundles 22. With this structure, light re- 
flected from the illuminated region of a patient's 
mouth is both transmitted by the semi-reflective 
portion of cover 27 onto device 24, and reflected 
into the eye of the tool's user. 

so Fig. 6 is identical to Fig. 1, except that it shows 
another modification to the preferred embodiment 
of the invention. This modification consists of a 
protective, transparent, optical-quality, conformable 
sheath 28 covering the distal end of the tool and 

55 secured by a plurality of ties 30, 32. The material 
of this sheath may be polyethylene or any other, 
preferably impermeable, optically clear plastic. The 
purpose of the sheath is to prevent cross-patient 
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contamination as a consequence of contamination 
of the video head by, e.g., intraoral fluid. It will be 
appreciated that the protective sheath may take 
many forms to accomplish its purpose. It will be 
further appreciated that the ties may be unnec- 
essary or of a different number or arrangement to 
accomplish their intended purpose. 

The advantages offered by the invention should 
be apparent to those skilled in the art. A ligh- 
tweight, digitally manipulate dental tool provides 
the capability of intraoral imaging. In one modifica- 
tion to the preferred embodiment of the invention, 
the imaging head's cover is treated to transform it 
into a semi-reflective mirror, enabling both reflec- 
tive viewing and video imaging of a region in a 
patient's mouth. Thus, a device capable of signal- 
producing imaging is uniquely and firmly coupled 
to a maneuvering handle to enhance a user's abil- 
ity to view a patient's mouth. 

Accordingly, while a preferred embodiment of 
the invention and modifications thereof have been 
described herein, it is appreciated that further 
modifications are possible that come within the 
scope of the invention. 



Claims 

1 . A dental imaging tool comprising: 
signal-producing, spectrum imaging means 

capable of operating within a patient's mouth; and 

a rigid, hand-manipulable support structure 
carrying said imaging means at an obtuse angle to 
the long axis of said structure, and in a manner 
enabling movement of the latter as a unit with the 
former. 

2. A dental video imaging tool comprising: 
video imaging means capable of operating 

within a patient's mouth; and 

a rigid, hand-manipulable support structure 
carrying said imaging means at an obtuse angle to 
the long axis of said structure, and In a manner 
enabling movement of the latter as a unit with the 
former. 

3. A dental video imaging tool usable with 
endoscopic processing equipment comprising: 

a video head fittable and maneuverable within 
a patient's mouth; and 

a manipulate, rigid support structure carrying 
said head at an obtuse angle to the long axis of 
said structure and enabling the intraoral positioning 
of said head nonrelative to said support structure 
for video imaging of such patient's mouth. 

4. The tool of claim 3, further being fittable with 
light-reflecting means enabling simultaneous imag- 
ing and viewing of a region of the mouth. 



5. The tool of claim 3, further comprising 
means for sealingly protecting said head in such a 
manner that it is maintained free of contaminants. 

6. The tool of claim 3, wherein said support 
5 structure is elongate and includes a proximal end, 

and a distal end carrying said head. 

7. The tool of claim 6, wherein said support 
structure includes a through-bore from said proxi- 
mal end to said distal end, and wherein said video 

70 head sealingly engages said distal end with said 
through-bore providing a conduit from said head to 
said proximal end. 

8. A dental video imaging tool comprising: 

a video head fittable and maneuverable within 

15 a patient's mouth; and 

a digitally manipulate, elongate support 
structure having a cylindrical body with a generally 
concentric cylindrical bore therethrough, from a 
proximal end to a distal end, said body carrying 

20 said head at an obtuse angle to the long axis of 
said structure, said structure enabling the one-to- 
one movement of said head nonrelative to said 
structure, whereby digital manipulation of the struc- 
ture effects the intraoral positioning of said head for 

25 the video imaging of such patient's mouth. 

9. The tool of claim 8, further comprising 
means for sealingly protecting said head in such a 
manner that it is maintained free of contaminants. 

10. The tool of claim 8 that is usable with 
30 endoscopic processing equipment, further compris- 
ing first means for conducting power from such 
equipment to said head, and second means for 
conducting video signals from said head to such 
equipment. 

35 11. The tool of claim 10, further comprising 
means for transmitting light from such equipment 
to said head, and means for directing such light 
from said head to a region of such patient's mouth. 

12. The tool of claim 10, wherein said bore is 
4o dimensioned for receiving said first and said sec- 
ond conducting means. 

13. The tool of claim 12, further comprising 
means for illuminating a region of such patient's 
mouth. 
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